The saxitoxin-binding component (SBC) of the excitable membrane sodium channel has been solubilized and purified from rat skeletal muscle sarcolemma. Phospholipid was required in mixed micelles with detergent for stability of the mammalian SBC. Even at optimal detergent-to-phospholipid ratio, the solubilized SBC showed significant temperaturedependent loss of specific toxin binding with time, necessitating maintenance of low temperatures during purification. Characteristics of saxitoxin binding to the solubilized material closely resembled those seen in intact membranes. A weak anion-exchange column was synthesized; it provided rapid 10-to 20-fold purification of the solubilized SBC. Additional necessary purification was obtained by chromatography on immobilized wheat germ agglutinin. Specific saxitoxin-binding activity of the purified material averaged t1500 pmol of saxitoxin bound per mg of protein. Three bands were present in this material on sodium dodecyl sulfate/polyacrylamide gel electrophoresis. The purified material sedimented on a sucrose gradient with an apparent s20,w of 9.9 S.
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Action potentials recorded in a wide variety of excitable membranes share a mechanism based on transient sequential increases in membrane conductance to Na+ and K+ (1). These voltage-and time-dependent conductance changes are mediated by separate membrane pores or channels presumably formed by intrinsic proteins spanning the bilayer (2) . A large body of information has been amassed concerning the current gating properties of these channels during the 30 years since the development of the voltage clamp technique (1, 3). Remarkably little is known, however, about their biochemical features or molecular structure.
Although successful solubilization of sodium channel components was reported as early as 1972 (4) , further biochemical analysis has been hindered by difficulties encountered in stabilizing the solubilized channel and in identifying the channel or its components during subsequent purification. The availability of radiolabeled neurotoxins such as tetrodotoxin (TTX) and saxitoxin (STX), which bind with high affinity and specificity within the ion pathway of the channel, has provided a fruitful approach to one of these problems (5) . Recent recognition of the role of phospholipids in stabilizing the solubilized channel protein in a conformation capable of binding toxin represents a major advance in biochemical studies of the channel protein (6) . On (Fig,  1B) . In both cases the specific STX-binding activity of the solubilized material decreased when the ratio of membrane protein to detergent was less than about 1:7. Because the isolated sarcolenmal membrane fraction-contained approximatel 50% lipid by weight, this could be interpreted as a requirement for a similar minimum ratio of endogenous lipid to detergent.
Exogenous lpd was required for stability when the SBC was diluted with detergent-containing buffers, even after solubiliation under optimal initial conditions This requirement could be satisfied by the addition of phosphatidylcholine, phosphatidylethanamine, or mixed soybean phosphatides to detergent-containing solutions in a molar ratio of I5 with detergent. Cholesterol and phosphatidylserine were not effective.
AU sbsequent operations req g dilution of the sohubilized channel were carried out in 0.1% NP-40 containing phosphatidylcholine or purified soybean phosphatides in a 1:5 molar ratio with the detergent. Even under these conditions the solubilized SBC was unsable at room temperature and above (14) . The average rate constant for decay of specific sTX binding at 10C was <0.002 min-1, whereas the constants at 150C ad 250C increased to 0.027 min-1 and 0.14 min1, respectively. (7. 0, maintained by a pH stat) and were self-terminating within 1-2 min after trimethyloxonium addition by the rapid reaction of that reagent with water. An initial trimethyloxonium concentration of 0.5 mg/ml reduced specific STX binding by 34%, and 2 mg/ml eliminated 80% of specific binding. This effect could be nearly completely prevented by the presence of 10 nM STX in the reaction mixture. Purification of the solubilized SBC The solubilized SBC was retained by a DEAE-Sephadex column at low ionic strength (100 mM choline chloride); most of the adsorbed SBC was subsequently eluted at about 400 mM ionic strength by using a 100-600 mM gradient of choline chloride as has been reported with the TTX-binding component of eel electroplax (7) . With solubilized sarcolemma, however, a significant percentage of the total applied protein was also adsorbed to the resin and subsequently eluted by the salt gradient, and effective purification of the SBC was not obtained. A weak anion-exchange column was subsequently synthesized by attachment of a guanidinium group through a 19-atom spacer arm to an agarose bead support (Fig. 3A) . When solubilized sarcolemma was applied to this column (equilibrated in 100 mM choline chloride, 0.1% NP-40/phosphatidylcholine, 50 mM KH2PO4, pH 7.4), virtually all of the specific STX-binding activity was adsorbed to the column, although less than 5% of the total protein was retained (Fig. 3B) . Elution of this column with a choline chloride gradient (100-800 mM) produced a symmetrical peak of specific toxin binding at 350-400 mM salt that contained most of the applied SBC. Purification of 10 (Fig. 4A) . The SBC was not displaced by increasing ionic strength with choline chloride as high as 800 mM, but it was easily eluted with a shallow gradient of Nacetylglucosamine (0-20 mM). The WGA-Sepharose column was capable of adsorbing solubilized SBC from a large volume of detergent solution at high ionic strength (400 mM), allowing subsequent elution of the SBC in a small volume (Fig. 4B) The column (1 X 3 cm) was equilibrated in 0.1% NP-40/phosphatidylcholine, 400 mM choline chloride, and 50 mM KH2PO4 (pH 7.4). Sarcolemma was solubilized at 2 mg of protein per ml with 1% NP-40, and 3.0 mg was applied to the column in running buffer at 1 ml/min. The column was eluted with a 0-200 mM gradient of N-acetylglucosamine at the same flow rate; 5-ml fractions were collected. a, Total protein; *, total [3H]STX binding. (B) Affinity chromatography of SBC prepurified by chromatography on the guanidinium ion-exchange column. The lectin column was equilibrated as in A. First, 125 mg of solubilized sarcolemma was applied to the ion-exchange column; the SBC peak fractions were pooled and applied directly (t4 mg of protein in t50 ml) to the lectin column (1.6 X 8 cm) without desalting or concentrating. The lectin column was eluted with a shallow (0-20 mM) gradient of N-acetylglucosamine in 400 mM choline chloride, 50 mM KH2PO4 (pH 7.4), 0.1% NP-40/phosphatidylcholine; 5-ml fractions were collected. 0, Total [3H]STX binding. volumes of running buffer and eluted at 3 ml/min with a 100-800 mM choline chloride gradient in running buffer. Fractions (8 ml) were collected and 0.25-ml aliquots were di-FIG. 5. Gradient sodium dodecyl sulfate/polyacrylamide gel (10-25%) electrophoresis of rat sarcolemmal fraction, SBC-containing peak from the ion-exchange column, and purified SBC after elution from a WGA-Sepharose column. The final SBC peak contains only three major bands, Of Mr -53,000, 60,000, and 64,000, compared to the 40-50 bands usually seen in the starting material. luted to 0.75 ml and assayed for STX binding. Peak fractions were pooled and samples were removed for protein determination and specific STX binding determinations. The remainder was applied directly at 1.5 ml/min to a 1.6 X 8 cm column of WGA immobilized on Sepharose 6B, which was preequilibrated in running buffer containing 400 mM choline chloride. The column was washed with 4 bed volumes of running buffer and eluted with an 80-ml gradient of N-acetylglucosamine (0-20 mM) in running buffer at 1 ml/min flow rate. Fractions (4 ml) were collected and assayed as above. The middle tubes from this gradient contained the purified STXbinding component.
Specific SBC activity, protein recovery, and purification factors for a complete purification procedure are shown in Table 1 (1980) with the distances of standard proteins of known saow (18) . An apparent snox of 9.9 S was obtained for the purified SBC. This may be compared to a range of 9.2-10 S previously obtained with the same system for the SBC in crude solubilized sarcolemma (14) .
Gradient sodium dodecyl sulfate/polyacrylamide gel electrophoresis of sarcolemma typically showed 40-50 separate bands in a reproducible pattern. Peak material containing the SBC eluted from the initial ion-change column still contained a large number of bands with considerable homology to crude sarcolemma (Fig. 5) . The purified SBC as obtained from the final WGA-Sepharose column, however, contained only three prominent bands of approximate molecular weight 64,000, 60,000, and 53,000 (Fig. 5) . Occasionally one or moreaditional light bands could be detected.
Although it is too early to comment on subunit composition in the purified SBC, it is likely that at least one of these major bands was initially a component of the sodium channel. for further purification by using an immobilized lectin specific for this carbohydrate. The lower limit of molecular weight for the sodium channel has been estimated to be 230,000-250,000, although an upper limit cannot yet be set (16) . If this lower limit is assumed and one molecule of toxin is bound per 250,000-dalton unit, a theoretical maximal specific activity of 4000 pmol/mg of protein is expected. The apparent sedimentation behavior of the purified SBC suggests a somewhat larger molecule (t300,000 for a globular protein of comparable 8s2,w) and a larger true molecular weight would lower the expected maximal activity. In light of the ease with which STX-binding activity is lost after solubilization, it would not be surprising to find intact material of low binding affinity purifying with the identifiable SBC, again lowering the specific activity of the theoretically pure material. Lastly, the small amount of protein recovered in the final purification peak makes quantitation difficult and the values reported here represent the upper limit of our estimates for protein concentration in all cases. Thus the peak specific activities of about 1500 pmol/mg, while not confirming homogeneity, do suggest a high degree of enrichment. Similar specific activities were obtained by Agnew et al. (7) from eel electroplax.
DISCUSSION
Our results indicate that the purification of sodium channel components from mammalian tissue is practical and that further biochemical characterization should be feasible. Preliminary studies with rat brain synaptosomes and eel electroplax suggest that the STX-binding components from both these sources behave on the guanidinium and WGA columns in a manner similar to that reported here for sarcolemma. These techniques may provide a more general method than those previously reported for the purification of this sodium channel component from a variety of tissues.
